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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a positive 
electrode active material, its manufacturing method and 
nonaqueous electrolyte secondary battery which can 
drastically improve battery characteristics by improving 
the sphericity and making the active material particle 
diameter small. 

SOLUTION: The positive electrode active material is 
composed of lithium- containing transition metal 
complex oxide practically expressed in a formula: 
LixTyMz02 (where, T denotes, at least, a kind of 
elements selected from transition metals, M, at least, a 
kind of elements selected from Mg, Al, Si, Ti, Zn, Zr and 
Sn, and x, y, and z denote figures satisfying 0.9<x<1.15, 
0.85<y<1.00, 0<z<0.1, respectively). 
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(57) [KM] 

[Mil S4fc««ft«*«lifl:Lfc±T»**«rSk»i-S 
ffci"6. I 

W*fS] -j6S:Li«TyM«02 (5fc<K T(i 
i»4«^&ltfii5'>4 < 1 1 1 i^Xt/T M ! 

teMg, Al, Si, Ti, Zn, Z r*5«tUtS n^e> ! 
zltttl^rtiO . 9'i£x£l. 15*0. 85£y£ : 

i. oo, o< 2 ^o. l ^t5tr^6) -en« 
Six* L i»*l»MXfrltft*^&dt5^j: 
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[ss^i] -jsa:LixT y Mr02 (a;*, t 

MI±Mg, Al, Si, Ti, Zn, ZrfeWSnA^ 
6»*S*tfc*ft< fct>l«4>7G**»U x, y*5<fc 
^zlittlfKO. 9Sx£l. 15, 0. 85^y^ 

1. 0 0, 0<z^0. lZffi&i-z&x-hz) -cur 

[»*«2l -^:LixTi + ,Mr0 4 

TfiMn, Co, Ni, Fe, V, Cr, TiH 
jI«£*l64^< ki> lS^7C*$r^L, MliMg, A 
1, Si, ti, Zn, ZrfcWSnjl^lRSttfc 

HO. 9^x<l. 15, 0. 85£y£l. 00, 0 

L l ^tiS&m^MM^&AS : i Jr»t i 1 5 

[«*3S 3 ] miaSEffiSftftd 5 , : L i x C o 

y Mt O2 (**K MI^Mg, A 1 , Si, T i , Z 
n, Z T&±TfiSnt>*bmiR£tl1Z<l>te< ti>im<D5c 
**:^U x, y*3J:r;z(«liflio. 9<x<l. 
15, 0. 8 5£y£l. 00, 0< z ^ 0. 1 

[»**4] 9»AJH7cX«:«*i-S2: fete, M 
g, Al, Si, Ti, Zn, ZrjoJ:t;Sn^P)IR 

[W**5] flflKMg, Al, Si, Ti, Zn, Z 
^Kfbtett^^^iS&S^ l • 0 M m«T--efc 5 w t £ 

* r 5 nr 4 e*<DiE«fsw «. 

fe^coM: (T**<^ hit) 0>¥*Mtast>. 5«±-c*>5 

*»»ti-6«*qi4E«(7?iE«S»K. 
[§S#>S7] S»AJHA^»3K^ip«tte^ 1 . On- 

m — 1 At mT*^^, Mg, Al, S i, Ti, Zn, Z 
^»^Sr±E9^JR5c*filc^L"C 1 0 a t 

IB** 8 I a»A«7C*«r«*i-6t ttlc, M 
g, Al, Si, Ti, Zn, Z r *5«tt^S n^bSR 
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[000 1] 
[0 0 0 2] 

«t«si«a«* (pda) , mftm&tef&&mz 

[0 0 0 3] ^OJ; 9^*$:Itt3Mi Lt 

JfcSMl"?!!, LiCoOz^LiNi02^LiMn2 

iX, ^^O^tK^^^I-L i P F 6 i BF4^ ]) 
30 ^^A*«r«WUfc**m»R* s «v^feixri^ c ^ 

[0004] LiCo02, L i N i O 2 , L i M n 2 
04 JiifOiE«ffife«H. SB*, ■Mb = '</i'h 

y^^»yf^A^s^«^ti:r 9 o or 

[0 0 0 5] , 1 9 8 9 2 9 3 

li, Sn, In, A 1 ^<DmmW£Wi1)V£-&Z>Zk\Z 

[0006] y ^^A^^-v-^m^^^-h^ 
50 »*ttS:K*Sfcftlc:tt, IE«S«KofsftaotRJftfk^ 



3 

[0007] JEmmmK<ol6L&ft 

[0 0 0 8] 

HWWAHfcLii fctSMB U&*L*#6, ffiWK 
ifcLfejESSWl*. RlfcaW-#fcatTLttl*;r 

2*^*H-#lCJ**L*^fc*Tfc6. Lfc^ot, + 
T£>o/c 0 

[0 0 0 9] /J^KSOjEfllS»KS:»5^ae><o^ 
l-i 6 7 5 2 6»Wtt»«E*3ixT^5J:5i;:, W 

[0 0 10] L*>Ltt#&* jSS*D5c*^»«r^i"5iE 
[0011] *»Wtt±EBBH*«:W*i-syt«)(c*S 

[0012] 

— : L i x T y M z O 2 ( 1 ) 

(5£<K Tii«»^K*»e>aiiix5'>ft< ki> Hwtc 

^iSr^L, MfiMg, Al, Si, Ti-, Zn, Zr* 40 
cfctfS nfrbmiR£tltz'ptj:< t fc 1 ftOTcJf L, 
x, y Jfc<fct/z fi-ttt^ftO. 9£x£l. 15, 0. 
8 5£ySl. 00, 0<z<0. l£ffi£lTS&T& 
5) T*«WIc«$*l5L i *#S»ft««^»{btta* 

[0 0 13] *fc*«Wc«5(fi<DjEftfi*Wi, 

—$£5*: : LixTi +y M z 04 (2) 

(jS 1 } 3 , TliMn, Co, Ni, Fe, V, Cr, .Ti. 

g, Al, Si, Ti, Zn, Z r*5cfctfSna>feajR 50 
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S*lfcd>fc< 4t> l®tf>7c3i£^L, x f yifciltfzIS 
*:tl?fr0. 9^x<l. 15, 0. 85SySl. 0 

0, 0<z<0. 2£SS£ ; TSgfeT*>5) -CSIKttic* 

[0014] s mciEfis«K^ % 

-/ftS;: LixCOyM:02 (3) 

(5t*, MfiMg, A 1 , S i , Ti, Zn, Zr*5<fc 

t*s n^e>a«*tL^*< 4 1> i«cdtc3i£^l, 

x, y :fc<fctfz te^JX^ixO. 9^x^l*. 15, 0. 
8 5£y£l. 00, 0<z^0. 1 Sr«JEi-5»T«> 

s) -cswrwicfEsnsL i ««-a»^K«^tt{b«^> 

[0 0 15] *fc±E!E«S*K*5, a^&JR5cSt*r^ 
^"■f^) 4 4 tic, Mg, Al, Si, Ti, Zn, Z r 

±IB»»&JR7cKllC#LT 1 0 a t%^T^Wi"5^ 
^W5:i:»^U>o fEMg, Al, s 

1, Ti, Zn, Z r &£&S n^^a^^tb5^^< 
4 t> li^MTci^Stt^fi: LT«ftft»»rtlc: 
»»lt#SL, -to»fbfttt ; F-^¥lS«cS^i. Oaz 
m«TTfc*w LV\ 

[0 0 16] £/c, mfiaiE@f§^KStT-ogtA^lc^t- 
5*&$&&<D*t (TJ*-<^ hit) O¥*Mltt s 0. 5W±T' 

[0 0 17] *fc*»W«^«SjE«S4Mt<oKa*tfe 

li, a»^JRfiK»»*fc5p*&«[S^ 1 . 0nm-l/im 
Tfct>, Mg, Al, Si, Ti, Zn, Zrfcil/S 

nd*e>a«*ix^*< 4 1> i a^js^fb^ma^ 

&±ES#&«7C*;ftU:*tLT 1 0 a t %£lT<Dm&X' 
[0018] SbC *»Wfc«S#*«#Mc**» 

l±, a#&«7C*«r^ri-5£ fc fc'K, Mg, Al, S 
i, Ti, Zn, Z r*>J:U5S n^P>atR$iiS^*< 
<b t 1 «0&R7c*€r±Ea»&R7C*lc*J- LT l 0 a 
t %BT**rStt^^feJ*SjE'SifS«KSr**'j-5jE 

[0 0 19] **WIc«SjE«S*W4, a^&JRTc* 
(KT, T/£#tv^o ) ^r#^r544t>lc, Mg, 
Al, Si, Ti, Zn, Z r &£XfiS nfrbT&lllZft, 
tz'Pte< t fc 1 SO^JStc* (»T rMfiR^J l>5c ) 
*±ES»&JR5c*TO*#*fc*f LT 1 0 a t %«T 

[0 0 2 0] ±EMrt#0£#*aST5c**fc*fLTl 



-3- 



5 

«**©»tlO-C* *ojft*«r+#fc«iro*5. Lfc# 
otM^^ttlt T/&#fifc*tLT 1 0 a t %Sk 
Tt&fcZtiZtK iat%BT«K, £<bfc(2 

0. la t%^W<t0»*U> o 

[0 0 2 1] $e>lC±EM*»t*5Aa5c*liS»« 

fflfartfcfi*r*-f fc*S-fc#« Ltffftt5:-i ^mfb 

#&U *OBMkftO¥iSttS^ 1 . 0Mm»Tt?fc5 

1. 0/*m*«;i6±5fcft*<bi-*i:, 

1. 0 *i m«Tfc*5e$HS^, 0. 1 /i m 
«WJ:Off*l<, £bfcl*0. OlMmW^ 
fc#£lA\, 

[0 0 2 2] r&fc*>, S*t©Mtt»S:4«t5** 
[0 0 2 3] ^±T\ ±ELfc<t5tt3»*Srfcfce)-r 

v > 35s . m^co mm ftsffi fc «t s o hmv* v & % 

[0 0 2 4] *fc*»Wfc*5V*T\ WtEjEttSftlttt* 

o*ttajc«-i-5«*ta<oit (r^-<^ hit) (D5p«&«t 

^0. 5&JbTfc3w£asfi*LV\, COT*'** NJt 
^0. 5**tft5 J:5^jE«S*Ktt-7-*«^^FJeJB 

[0 0 2 5] rcOT*^ hitri*0. 5W-bT**>:h,tf:IE 

7*^? Htl±0. 5JK±t«S*^5*s, 0. 
a*J:*>#SL<, £<blco. 8SU:a s »fc#* LV\ 

[0 0 2 6] ±EIEffi«fe«OT;*^* hit&if 

COfeH^ttli, (D4 (a) (b) [Z7jk1-£ 5fc#ffifc 

ttm^MWi (sem) T«8ita»rt^b7 

>^Afc2 0<i§COiEffif§^)e!K^l 3^HlL, 
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T^^MtiU 2 0fflC9«^fco^TOT*-^ h 
Jto¥i$te*jrULT¥*T*'<* Mt£ Lfc 
[0 0 2 7] Sfc, #38Wfc*3^T\ iEffiffi^lgti, 

— /&5£: LixTyMiOz (1) 

(it*, TI«»4R^e>aitfix5'>4< t t l«©5c 
U MliM g , Al, Si, Ti, Z n , Z r *5 
£t/S nrt>ib31&£ixfc^ft< ttl ffi<£>7C9{f£^U 
x, y:fc£tfz li^ft^xO. 9^x^l. 15, 0. 
10 85^y^l. 00, 0<z^0. 1 £rfi§£l-£grC£> 

5) T?IISttjfc3E$;h,*L i 

[0 0 2 8] */c, *&W<Ofc<Dfflfct UT, IE«fS4fe 

-^:LixTi + y Mi04 (2) 

TteMn, Co, Ni, Fe, V, Cr, Ti 
a>e>S&£*t-5'>fc< £ 1> l«05c*£^U MliM 
g, Al, Si, Ti, Zn, Zr*J<taSn^6)lR 
£;h,fc4>#< i t> IScOtc^^^U. x, y*3j:t*zte 
20 ^fh^ixO, 9£xSl. 15, 0. 8 5£y£l. 0 
0, 0<z^0. 2*-«SJ£i-S»T*fc5) -cmrwjc* 

[0 0 2 9] ( 1 ) sST^fL* L i 3>*r&»&JKtt'fr 
&{b#Jfc:tel>T, TxJii<t LTttCo, Ni, Mn, F 
e, VftifO«-a<0»»4kJRS:fflv^6Ci:36S-C#5 0 « 

<H-9tlTCo fc/fli^fc»frfc J: t>&*«fc»fc 

[0 0 3 0] LfJot, fftEIE«?£^e£. 

50 — Sx5£ ;LixCoyM:02 (3) 

MteMg, A 1 , Si, Ti, Zn, Z r 

x, yfcjztfz Itttl^tlO.. 9^x^l. 15, 0. 
85<y^l. 00, 0<z^0. 1 SrStSi"5*-C*> 

[0 0 3 1] ±IELfc-»a (1) , (2), (3) 

^o *5v^r, xotno. 9 — i. 15^1, y<nm$ 

0. 8 5-1. 0 0C7)j£(S^i-5 o x^i^y^I^l 

[0 0 3 2] x/y fcblil £A±ti-ZZ kt>W2. LV\ 
x/y< l^*6t+»4»4tt* s »6ixftv^«), * 

[0 0 3 3] *fcflaE-j»^; (1) , (3) fc:io^T, 
M«»«Oj!S*D»^zH0< z ^0. lCOftHt ItSS 
»^L<(10. OOOOllz^O. 1 Ojg 
50 H7)Sffl*L<, Sbfclio". OOOl^z^O. l<om 
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[0 0 3 4] «WE— tt* (2) IC*5^T, 

oassow^ z li 0 < z^O. 2<o|5Hfc U-C*36*HS 
#*L<l*0. 00002^z<0. 2«Of6Ha s S 
£L< S $b(C(iO. 00 0 2^z^0. 2(0»5«t 

[0 0 3 5] ±BM*»**±<*#S*tTV^ftl^]EWfi 
feS (z = 0) -Ctt, *ft+-C«*l6 9 0 OtlclDlR-r 

SftRro^ttSl* 1 0 y mKJ:tii()Ti*i:iot 

[0 0 3 6] ««**>Mj*#**trL i **X9*Mi 

BrJ£OJfc*T'S^L;/tS^4&«:, ^90 
0 < CX-^fi)ctfc^(C^V>Tt. Mfifc»oaaiDja*«cj: 
9, 0 /i m«T£^ 5 (5 0%DI) 

[0 0 3 7] tt*^iE«»«IIott-T-^ac*«tt 
0 5 (b) td^i-<t3(^ N /f^mfrS^ft ( (0 0 

3) h/^rsi) > feiV^ixjjiSiKt^ ( ( l i 
0) h/Kfrfa) -CASH'S »S\ "jEttSftRo**: 
ftfliA*4«tife6WC, (0 0 3) ^ b/^Jjfob 
iictt^ftTfc!?, (110) ^ hA^fS]£ flatty 

[0 0 3 8 ] rco^, M/&#£:£< »aaU4V^fc#, 
z = 0 (^a^-Cli, (110) ^ h/u#[6]£> 

[0 0 3 9] *<Dtz%> s *5BWc?Htt^«*dSfflnnW(i: 

(T*-<? hit) j&S3p*Sia-C0. 5«±0>««t^jE«iJS 

[0 0 4 0] ±IE^J:3/j:*«Btt*5j:U53««*S:#i-5 
jEffifi»k&»5fci&lc:i±, *$g^f7)<fc p |:mS»4 if 
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£ltZt><DX\tte\,\ -ttetohs L i /£#&JRffi£it 
(x/y) Srl*WtUfct&^ll, »»B-C«ttOft»K 

cDStoRtt^a^fcixaa^ jE«ftfeRtf>JB/3c#*+# 
[0 04 1 ] *J8M*ft^J:oTflF«Lfc]E«SttK 

fctta*iwb»*as»e>iv ctt4»tt^A»«jEsstt 

5 0 r^J:5*^««ttR^*M\ £9ttfflftfl3tin5G 
X tt » £ ffl v > 5 r 1 1 c X *) pT fig £ ft 5 o 
[0 0 4 2] r^r% <fc 9 fKM^KAl7c3R«t*|. tt % ft 
*/flVvr#fc$mJ: 0 t)Se>^sp*9ffiS*Sl nm-l ^ 

tt**v«^*»»JICt Lfc£K{b^»tt**»bJ*6//u 
[0 0 4 3] ±«LfcJ:5ftlMiftttW»*:«[«tT 

mm&&m&&mm (jehswr) icktu*. y^* 

[0 0 4 4] ±3fiLfcjE««*Jtt*lc:«*LT]E«* 

^ gmtlsXlL x h77^uifuy (PTF 
E) , -#V7yitt*-V ; r> (PVDF) , m^uy- 
/DtVy-^xy^l^ (E P DM) , 
y^^oi^rfA (SBR) <tW$fflV^e>lX5. 

[0045] lEmmmw, m%,m&£vm%m<o&&m 

^11, iES&ttff 8 0-9 5ft% ^l|^J3-2 0® 
JO [0 04 6] tXl/-^, **««fR4^C0fl&O 
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ffl £ LTffiffl £*a,T^5«* ott^it^W^Sraffll- 
[0 0 4 7] AffittfcffiJS&R fc ^3&^J & SrS S ft @& 

*fcJi&JRy^?A, Li-A1^0ip4yf!?A 

[0 0 4 8] ftffiSMK^jenrffloE^M^i; a«js 

W9 0-9 5 Sfi%, 2-10 %®fi%Ofcll 

[0049] <*<btc, ^«jtpffi»#*saetcm«ffSr 

— K t+fls^As* — — K 5*t?VU* — 

* >ft if t <Di&&mmte f&m ^biis. 

[0 0 5 0] LT[£, LiPFe, LiB 

F4, LiCiC)4, L i A s F 6 , LiCF3S03 
ft if W y f[>^I^^T^6 0 ^<D£ otem,MK<v# 
**jBC(C»i-S***|i0. 5-1. 5mol/L (y 

[0 0 5 1] l tt*JBWo**«<»JR— y f 

OSttkLTB, «itf*Kn«*^*ieA«ttftif3ftS 

[0 0 5 2] SMSllifii^^Tiol -(75 
± 9 ft«tt«8 i LTSliB 3 ftsi&ttd 
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[0 0 5 3] «ffiW3dSiRittSixfc««lS»lrt^H, 
v^5o «*«*io±*BlP«Bia4lft»*tntE8 3ft5EK 

[0 0 5 4] »»»Pfi8 0^*»^li, jE«iS^9*s 
IE««^9^ttiEaiy- Kl 0<0-« 
*5SSc±#i 1 =S:^LTgJK$tbT^5o My-Kl0 
OffiWtt, IE«4(;i8aR£*iT^S. A«6liH^Uft 

rcoy ^^A^^-vz:»:©«ii 2ds«^^ixTv>s 0 
[0 0 5 5] ±SEUfcJ:5«w*3BWJ-«5IE«S«i«, 

*»*ftif^K<5^r, 3fcScm#te. 

&X£Z> 0 
[0 0 5 6] 

i&y\<D%m<Djtm\ fc\c*&w<nnitmm^^x&. 

50 [0 0 5 7] Hfeff] 1 - 2 33 £ ffltftW 1 

1 (-^"f £ 9 IC N LiCoMzOa (fiUMUS 
n, Al, Ti, Si, Z n, Zr, Mg OV^-ftt^— 

o, (itewi) , o. ooi mmmi) tsxxto. 

0 0 0 7 (*jfe0ij2) t ft 6 a/</UMb*«W8» 
m(-> ^SiWT9 0 O^CO^STS^Pfl 

ffifS4*K * c u k a mz. ^ ' zwrnxmrnvimz. ± *> mm 

Ltct L i C o 62 cD[U#f/<* — Sc-T 

[0 0 5 8]"tt »b^fc**»ffc*»«Wl»«f«rH 
TC/^f ^T'tTo/: t L i 1 . 0 5 C o 1 Mz 

O2 1 (^-rttJ5ji«:*LTVN5r t*5»BSn*i. 
ft*5, ColiK»«r*»-C5>»U, EDTAgfStiJD 



[0 0 5 9] IB»Lfc«-jEffifSfeSm^SrO. 5 

g f oRS LT 1 0 0 m L 0*f Tfttf L , S^lgi 1 
fl£#ft£ 1 0 0W, 3minO*(ttJHJlfe. ^Ojg 
SBiKKlo^T, LEEDS&NORTHRUP ttll^M 
ICROTRAC II PARTICLE-SIZE 

TYPE 7 9 9 7- 1 0 L * 

L i C oM, 0 2 fcfc I Mg frgfrfl z fciEffi«tlg<P¥$ttg (Aft : *m) tOB5* 
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*Ttt*»*«r«36L, w^b*S*Mf03F«Stt« (5 

[0 0 6 0] 
[*1] 



ANALYZER 



tt**Na 


z 


| Al | Si | Ti 


Zn | Zr | Sn 




0 


1 3. 0 7 j 


990*1 


0. 0001 


7. 99 


6. 92 


6. 02 


9. 87 


9. 12 


4. 77 


3. 54 


mm2 


0. 0007 


5. 72 


5.4 8 


5. 39 


7. 44 


7. 69 


3. 98 


3. 33 




0. 000 1 


7.82 


6. 78 


5. 89 


9. 25 


8. 92 


4. 62 


3. 30 


%mr2a 


0. 0007 


5. 65 


5. 34 


5. 2 1 


7. 25 


7. 48 


3. 89 


3. 25 



[0 0 6 1] -LE*n^i-fe*^e>we>^*J:5tc:, 

Mj*#£^LTl^l*)fc«0y 1 (z=0) {C:JoInT 

li, 1 3 fi mm t * 0 , mMbS!*;&s» *>*x 20 

[0 0 6 2] £fc, ^jESS^Kffi-T-cOSEM^KSrlif 

5, H$S#J l — 2 -m, 0. 81—0. 92if(<, 2: 
JTOKiaff •arWttJRttt fc-fcfiH 1 * fell r 

[0 0 6 3] M/S^^P^&ICO^T, £<b(C 50 

^*«ttt^05p*Sttatt«F* L< 1*1 nm-0. 5 urn 
* 5 a*U<, £ fcCllil nm—0. 3//mdSJ:9#£L 
^tKH"C*>5. ±fE*l^*5'lt*ltl6«l a 

[0 0 6 4] £<bic, mtc^co^dico^t^ ^^ft 40 

[0 0 6 5 ] H$SffJ3-l 4feJ:t/M:Rgi]2-l-4 
* 2 l^-raLiS £ <c 5 «fc o 1wjE«»tt Jt<0W»S*Jfc* 

-&/£Lfc e 

[0 0 6 6] **16«fioj:9«c3FiStte* s /hSv^S* 50 



[0 0 6 7] wHb#ll*«^J;^lt««»J^«5a'&» 
Vcm*C u Kaj»I^J:5^Xi»[H]Sffe(Cct 9 »J£L£: 

[0068] ^(c, &btiiz&m&mit®*jEmt£®m 

g^»J4rN->^u-2-^D y K>-tc#ifc£-tf:T*^ 

[0069] ^ic, 9 3 ss% t m&m t LT 

*K V -7 y it V y* > 7 ff% t t T 

LT->- h*t0^ffi^ffMLfc 0 
[0 0 7 0] ±a!LfO— K^OiEfii^:^?Li*^y ac^- 

?{£££LALfcSK rnSr^Ai-^wcbtCt 9, m l 
iS, ^7Km«^li, h (EC) t> 
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h (ME C) <D1 : lfe£®t& 
(C, lmo.l/L^M-CL i PFeSrftdlltMIL 

/Co 

[0 0 7 1 ] w^>J:5lcLTfP«Lfcn««#*»*» 

-&®?fe iLT*>y?-**>r * >- - frm,m(o&ffi.ftti t 

2*5*1*13 2, 
[ 0 0 7 2 ] (S?a4*ttH, 2 0tOS»(OTT% 1 AO 
ttaLfWIR*:RttT4. 2 VO£«E3E«S:5«Frafi^\ 
1 WMWOflcjtOgL 2. 7 V£-C1 A-ettttfcfrofc. 

wOB^ttSSf *C a p (2 0) h-?Z>o #^T\ 1 
^FfflC7)^±C9^IC, 1 AO^SE^Jfl^^itr 4. 2V<D 

(-2 0) <blT2>o dftkOSftifc (Cap (-2 0) » 



14 



*/Cap (2 0) ) «:W^ftIfif$i:lto 

[0073] «ttrtjE*ttaToip(cLraBSLfc. 

SSI (ft) rt^OEE^Sr»J^T*#5J: 9(-L 

fc 0 2otoi»(OT-e, i A^®gff»j(i^s9:ttr4. 

2V03t«BE**fe5*IHim\ 8 S^OSR^Atlt 
2 4«f|II»iLfc«, 2 0lC«)JI*l:jHt, SftOl 
* *s 2 0 1 ft o"fc i: # © rt »]£* »36 L fc. 
[0 0 7 4] ±e#HlkMd3 J: Vlttfe«Hc««jE«S« 
JO I(oa«, ffia«FOSfl:jHI«F*«:Tia*2ic: 

t ^BB«4rH 2 
[0 0 7 5] 
[*2] 



fit ( Li x Co y Sn t 0 2 ) 


K ** Na 


( urn ) 


Cap<-20)/Cap<30) 
( % ) 


« « Na 


( um ) 


Cap(-2D)/tap(20) 
{%) 


X 


y 


z 


1. 05 




0 


mm 2 


1 3. 07 


1 0 








1. 05 




0.0000003 


mm 3 


9. 6 1 


20 




6. 78 


25. 6 


1. 05 




0. 00000 1 


mm 4 


7. 37 


*5 


» 4 


4. 38 


32. 8 


1. 05 




0. 0 0000 3 


mm 5 


6. 2 1 


27 


5 


3. 76 


39. 0 


1. 05 




0. 0000 1. 


mm 6 


4. 97 


32 


$£SfeH 6 


3. 7 1 


4 1.0 


1. 05 




0. 00003 


mm 7 


4. 43 


40 


7 


3. 46 


44. 4 


1. 05 




0. 0001 


mm 8 


3. 66 


42 


8 


3. 30 


4 6. 0 


1. 05 




0. 0003 


mm 9 


3.4 5 


42. 5 


SSfcfK 9 


2. 96 


47. 5 


I. 05 




0. 0007 


mmio 


3. 56 


43 


mmio 


3.2 5 


47. 0 


1. 05 




0. 002 


mmi i 


3. 44 


43 


mmi x 


3.11 


48. 1 


1. 05 




0. 0 1 


mm\2 


3. 59 


4 4 


$&ffl 1 2 


3. 06 


47. 5 


i. 05 




0. 05 


mm\3 


3. 42 


44 


33®*i3 


3. 1 5 


47. 7 


1. 05 




0. 1 


mm\4 


3. 56 


44 


4 


3. 06 


48. 5 



[0 0 7 6] ±ls*2*5j:t^ia2«c^i-*S»^bMf>^ 
0) Kl*. S4*lt©¥*«MS#tt*fl:U «off 
[0 0 7 7] z#0. 0 0 0 1 *a»^j£HT-tt, 

$Cap (-20) /Cap (20) dS*L<Sc»*tb 

[ 0 0 7 8] *fc*j|*«*5j:t/lfc««|lC«S}S»frK 
ttfcO^T* ^*/U*-#»S!Xi»#0r«: (EDX) £ 

*-»*ax»»*f»B (EDX) ^LTIiS^m^x 
-^A«^tt«OJ ED - 2 1 4 0£ffiV\ JOiSmflE 



[0 0 7 9] 0 7:fc5J:tfl2 8H, *tt*HjlJfi«*Jj:t^ 

jttt«yk«5jE«sft*wsEM«*jii«iao±»c, m 

[0 0 8 0] m 7 ictM"* 9 II, *3H6«(C«5iEffifS 
^fflC*5V>T{±, MsSc# (Sn) ^8SJD*«r«^Sl*r-C 

v^wtasaig-e**:. asic*-*-*^ its 

50 oT, WJfPtoWl^^iHtJ^flFfi-r^wtlc^f?, 
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100 8 1] i"4*>*>, frJOMHCJS^Ttt, Myt^CO 
[0 0 8 2] tt*©««fe-C#J« Lfctfct4«^iEffi 



70 



76 



*.[0 0 8 3] fiffEco±5 4**JNH**OBk»a**s#e> 
Sn5c*{b**G>Wrtf£i:fc< < . fSfeS^^TcoM 
*tttatBWWMt±iKLfe:ti:j:5:t, S 

10 0 8 4] Sfc, SftlBL i x Coy Snz O 2 *Sj£CD 

*Jc^Nt6«ftrtBE*w*36**«rTIB*3i3j:Via3 

[0 0 8 5] 
[*3] 







« rft ffi ff 


ft (kgf/cm 2 ) 




tt * £ 


* « W & 


3. 7 


it|RH7 


1.14 (z = 0. 000 1) 




1.13 (z = 0. 0000 1) 


4. 4 


O£0I8 


1. 12 (z = 0. 00003) 


fS8©14 


1.08 (z = 0. 0000 0 1) 



[0 0 8 6] H3(^i-J|**3&»bWfe3&»ftJ:pJc, 31® 

*fc#J fc W:««-C<0«:«itertEE*^JIS:^i- JigE* 3 oft 
[0 0 8 7] «?6tertJE*3ftsj«ADi-5 i: ttfeftdSKhA 

[0 0 8 8] *jMS«lcff5jE«jS*JKc:J:ixtf, Bf3£ 

[0 0 8 9] £;fc^4 (C^-fcfc pCL i x C o y S n * 40 
O2 ^5M^ft5 J; .5JCJK»»**E*L, ^7 



[0090] fc*5±iex»®tfr««<affl£ii, s^e^ 
sastts^R i nt2 o o osrfflv^jaisLfc, atz 

XftUBtLTCu-Kolft (Rgl. 540 5ty 

JE£«SIEI;J:«-* 4 0 k V, 40mA, Sift* V y h 0 . 
5° , V y HO. 5° , yKBO. 15 

mm, p L/c 0 ffiij^lifeg 

M2° iS^r^O. 0 1° -C?£3ttefi2e 

*5** (h) CO^5>C0r^^ (h/2) COe-^ffitL 
/Co IT, (104) Sl:i^f^2 0 = 4 5. 4° 
±0. 1° o^awtrt>oTjE«fi*K0>Mtttrfffli 

[0 0 9 1 ] ±E«|3e»«tt*«rTE*4 (^i-. • 

[0 0 9 2 ] 

[^4] 



(<«m) 


(104) R * ffi r|J 


it * « I 


it * « I I 


£ ts 


3. 7 


0. 1 54 


0. 085 
(z = 0. 000 K 9O0T*fcfi) 


0. 081 
(2 = 0. 00O0K 9 00-C&&) 


4. 4 


0. 132 
(z = 0, 8 00-Ctefi*) 


0. 083 
(z = 0. 0 00 0 3, 9 0 0*Cte&) 


0. 078 
(z = 0. 0 0 0 0 0 1, 9 0 0-CttfiJ) 



[ 0 0 9 3] ±E«4{C«i-tt*^bMb^ttJ: 5(7 Sn^^»DLtl^> (z = 0) itKM I W»^"C 
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10 0 9 4] llffiW^Sft^SZ) (104) ® 

4HffitSl4, Itmm I I 0&*d d o4 9 t>&< , *Sfatt^^ 

[0 0 9 5] gjfaL/c^ffi«^<t^it^JI^5 

tz 0 :oedx^ii ffiScD«£mifi-^T^£ 

5 0 -tit, ^DLfc7U^(D^fe)^{g^fUT^^, 

[0096] t&nmm&zvtt&mvoh. m^m4 

[ZTF^mmisXTJttmM I ii:ov>tOEDX^H 

*«Wfca3v^-c s 0 " t^t 

[0 0 9 7] tttt«^»v^ri4, JttftWtCffi^:* 

lt< art left sftwa^^Wtte^ii^^bi- 

5rirlcft5o 

[0 0 9 8] «rEoi9*-*IKUfc*ltl6«l*5J: 

SC a p (1C) t3CtOjSkl8iCap (3C) <D 
ItSrSiJSL^o ft*S, CI4»«*T\ «MB** (h) 
Sc. o£ *) C= l/hT'^^ix6o ft*5£SJ6ft«*i5ft 
II, ^«***:3fe*fc*lll]* (h) T-pfcLfcfccOT-fc 
9, #J*:f4, 1CI1 ^*«*4rH»WCS[«**Sfc 

»Tt6MSi5it$rlCtlt 0 «toT, 3CI11C 

o&mma o 3 « <o x h 5 « 

[0 0 9 9 ] frjEttSftKtt^^JSKkS/ftWie 

ojt (r*-^ hit) H4tc*i-#ife-cji!*u w 

077^ htfci I h**li»*J:*>B««:BI6(;:S 

[0 10 0] 0 6i:^te»^5>5lb^ftJ:9l^ Sn 
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j£#£as*DLft^ (z = 0) *ttt«nc*5v>rtt, d 

10) ^ h/i^faojSS, 1-ft*>^cttlcfiEft#l«] 
o*ftds*EWtftO, tt^JKWi^lEttifcllB 3 ? 
temmWkteQ. T**<9 Mfcl4/h£<ft*>o -^<tp 

[0101] o£ 9 , iEffiffite^^O^T*^* h 

. vttftfiB^RBSSttft^ofc^*^, 

[0 10 2] «±<E>4?K:, *jaS«lc«6IE«flHfcK 

*DLTK3££tvrv^fc£, wtt*-CI4*^HJItt* 
jxT £ fcmfiKlc^v ^X t . »flnj*#fc 4: 5&&»*fflfc& 

[0 10 3] Ld»t>*3tJ6«og»ftTfl4**Wfttt'? 
i:^4 9, iE«iffi»K<o^««f(O*-i*id5^T<0ggraW* 

\cWz_ZZkfc'simkt£?), «te<Dift£4»ttassfc«£ 
[0 10 4] rixe>ojRHI4, JSftlftWJRSrfflv^:. > 
»**#i-5jE«g*Rw*** s ^tttftofewfc^ft 

5 - k # pTfiglcftfco 

[0 10 5] 

ftteS»#ftt*(-S^v>T, «frfcm*£fi;, ?c*fc®^ 
tt, fES^tt (1»lcfi;«a»tt) ftifj&Mtfeix*. *w± 
r\ «ftrtt?o^JB4ftif«:«*»ifci"SwtdWIB 

50 6 0 • - 
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[Hi] **W^«5#*«»*-ft«»^-SUIS«fc 
[0 2] iEffiSttftO^iftttftfcMrt^***:^* 

[04] (a) , (b) tt*tt-e*t**«*5J:tftt:ti«l 

[is] (a) , (b) \**ti?tini&m&£xfiK.mm 

[0 6] lEffiffifeS&^OT*^ hJtfc i'- K^fift 
[i7] |lttW«c«S]EffiSftK^SEM«lRjfl»Slo 

[18] JtKWt-«5jEffi«»H^SEM««a«igcO 
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